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MCA (but not PB) segregates as a single autosomal gene in crosses 
v-r,V, involving the C57BL/6 (B6) and DBA/2 (D2) strains of mice (13, 17- 
; 19). Thomas jrt al^( 13) and Kouri et al_(20, 21) propose this locus be 
' designated Ah; the allele carried* by the B6 mouse (inducible) is Ah , 

and the allele carried by the D2 mouse (noninducible) is Ah . 

Following treatment with MCA, the difference between the AHH levels 
Mr in various tissues of Ah^/Ah^ or Ah^/Ah^ mice are 2-80 fold greater 

vib.h than that of Ah d /Ah d animals (17-21), Thus, one can evaluate tumor 

Ja *}u / , susceptibility among litter-mates in which the presence or absence of 

/£>■;* ' AHH induction is expressed in their tissues. With the use of such a 

- model, other non-specific strain differences - such as characteristic 

*/; Vi'* - * ‘ mouse strain differences involving immunology, latent viral infections. 

■. *' # nutrition*, hormones, stress, or levels of other enzymes - will be 


*’l r 1 theoretically cancelled. ■ 

’V* *' ’ •'**’V-Oci, :j »w\ * ■' ^ ^ * "•*»* * • - * * 

Using this model system, Kouri et al (2 




■ ' * •■r' *v N 

(20-22) have reported 


' that segregants carrying the Ah p allele are approximately 12 times more 
sensitive to MCA induced fibrosarcomas than animals homozygous for 

„ y * a j 

"/ / the Ah allele. Thus, it seems likely that the types of metabolites, or 
. just the quantity of these metabolites determined by this novel "inducible 11 
w enzyme play a major role in determining the susceptibility of mice to 
r/* chemical carcinogenesis. * 


. * ►vV-Jy 

'faff- 


*, V * K ' * When studying the mixed-function oxidases in man, two .**• 

;major problems become apparent: the availability of tissue and the 

‘V/f k,ava ^l a ^>°f sensitive enough assay procedures. Human tissues that ‘' 
^ ave been used include cultured cells Jn vitro (23, 24), placenta (25-27), 
’foreskin (28), biopsied liver (29-31), skin (32), pulmonary (33, 34), and 
blood macrophages (35), and peripheral blood lymphocytes (36-38). ,, 
The available assays include: a) measurement of conversion of BP to r 


.microfluorometry (45-49), and e) direct quantitation of the P-448 or / 
■•f : F-1^r^’P-450 cytochromes (30, 50, 51, 52). Only a few investigators have • ‘ 
i reported data concerning the metabolism of actual chemical carcinogens 
*'by human tissue. Kuntzman et al (29) reported that benzo(a)pyrene (BP) .-^V;uv\4v^ 


*^ uman tissue. Kuntzman et al (29) reported that benzo(a)pyrene (BP)^ 

3,3 me tab oli zed by autopsied human liver microsomes at a rate similar 
that* observed in rat liver. Merrill and Campbell (31) reported that 
r aflatoxin was also metabolized by human liver obtained at autopsy, t jWy 

0 cultured human cells, both Huberman and Sachs (23)_and Konri 

*' al (24) have recently shown that these cells can metabolize BP to t 

'*.? l.ffi $-Vv/ater-soluble forms, and the rate of metabolizing is influenced by the 
( J V^^5§^*relative' number‘of epithelial -like cells and perhaps by the age of the cells^;^|g^> 
culture (number of generations). Recently Bast_et al (53) reported^ 

1 * that nerioheral blood monocvtes possessed fairly high AHH activities I 
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^pLrent.l t-’ The ^ eVel ° f AHH °t n alS ° bC influenced b Y cigarette smoke. 

, : •- ac ® ntal tissue from women who smoke contains much more AHH 

activity than the tissue from non-smoking women (14, 15). 

' The system which seems to show the greatest promise in 

determining the role of AHH in human cancer is the mitogen-activated 
peripheral lymphocyte. Using this system, Busbee et al (37) and 
V' Wlutlock et a^(36) report that AHH can be detected in both fresh and 
. . cultured lymphocytes. Moreover, the spectrum of BP metabolites 
• observed is very similar to that observed' from the enzyme in rat 
( ‘ ^Y er , 54, 55). The extent of inducibility seems variable in the 

1.,^ human population (56), and most importantly, these differences may ' ’ 
-A be (yenefcir.allv ^ ^ ^ - * -« . _ J **» 
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• A;:?. 

.•j’*/.'V'A.‘’C ' ” The recent work by Kellermann et ad suggests that this 

V \ genetically regulated level of AHH may influence susceptibility to 

‘ V V " cl S arette -smoke associated lung cancers, just like genetically-regulated 
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^ * J® vels of AHH effect susceptibility of MCA-induced tumors in mice ( 21 ). J 
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HI. EXPERIMENTAL , ' 

A. From September 1975 to December 31, 19 75 

1. Establish standard culture conditions 

-'• Studies will continue in determining those 

conditions yielding the most reproducible mitogen-activation of human 
lymphocytes. Work will center on evaluating the use of purified 
mitogens (e.g. leucoagglutinin, Pharmacia Fine Chemicals, New 
Market, N. J.>, non-carcinogenic inducers (e.g. 5, 6-benzoflavone), 
and particular lots of fetal calf serum as ways to standardize mitogen- 
activation. , • v 


' vy£* 

.. ... 

•* ' V* v*V . * 

a- <-v 


' ; '• ' 7‘, Establish methods to correct day-to-day 

" * fluctuations in mitogen-activation - ',‘v 

. Even under the most exact culture conditions, 
differences in rates of mitogen activation may be observed. This 
probably results from inherent differences in lymphocyte populations 
in_vivo. Whatever the reason, methods may have to be established to 
correct these day-to-day variations. It is proposed to continue 
evaluating rates of DNA, RNA and protein synthesis as a method to 
correct variations in mitogen activation. *•. 


>’[ ';y 

-‘'v-vy 


■ -A’.., 


3. 




Studies with the "standard" lot of FCS from GIBCO • .. • 

r : . .. ,,-i. 

' ' ' • •*-'.. ‘‘.'j, 

. _ _ ,. ^ . It is proposed to determine the reason why cells 

cu * turec * t ^ le sa me FCS, but in different laboratories, give different 
? • / //*\ I eve is of AHH. In collaboration with Dr. T. Yamauchi (M.D. Anderson .-hy 
'* anc * Tumor Institute, Houston, Texas), blood samples from , • 

i nd i v i^ ua l s within our laboratories will be exchanged, activated in both 
J laboratories, and cells will be assayed in both laboratories. Frozen 


“ oratories > ana ceils will be assayed in both laboratories. Frozen *■ <$*&{. 

mitogen-activated, induced and non-indticed samples will be assayed. * , 

• V , determinations of the factor(s) that cause these disparate levels of AHH v 
***> .. activity should ho a lone wav m achievina a mnr a ^^ardized assay '* - 1 * 

- • • • •:•••» V4‘J; 

ampfiprfl nn 








Determination of standard parameters on which 
to base AHH activity *' *. * \\ V 

\i\jxv ^ \ ' • 1 ' v * L. * 

r; * o Six males (from within our own laboratories) , 

will be assayed once a week for three consecutive weeks. The rates y ^ r '^ 
of AHH per ug DNA, per rate of DNA synthesis, and per flask will be >r ..^ 
evaluated. Also, the total amount of AHH nrndnr^fl in r*>c-nrmc<» fr, V 
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activity will be measured at 48, 72, 96 and 120 hours of mitogen and 
inducer treatment. The use of rates of incorporation of -thymidine 
in acid precipitable material as a potential correction factor for 
variation in day-to-day mitogen activation will also be determined at 
this time. 


*W*. !**• 

t:; 

‘ Y-X 

• \ 


A second set of six males will be assayed 
once a week for three consecutive weeks for observations on the use of 
levels of NADH-dependent cytochome c reductase as standard parameter 
on which to base AHH activity* As shown in the progress report, the 
level of this enzyme seems dependent on the amount of mitogen activa¬ 
tion (or amount of microsomes) and independent of treatment with AHH 
inducers, Thus, the level of this enzyme could be a way to, obviate the 
need for counting cells, quantitating DNA, or determining correction 
factors for mitogen activation., Preliminary work designed to establish 
the optimal conditions for measuring this enzyme activity will be done 
in collaboration with Dr. R. Prough (Southwest Medical School, Dallas, 
Texas). . . 


/ *' S’ , 

- »** 




> '-X+r vjVvs V * 

• *v\ • 


' ’ • 5. Determination of relationship between fluoro- 

metric and radiometric assay for AHH activity 

In collaboration with Dr. H. Guirgis (Creighton 
University, Omaha, Nebraska), the level of AHH in ten standard individuals 
in our laboratories will be simultaneously studied by both the radiometric 
assay and fluorome.tric assay for AHH activity. The radiometric assay 
to be used by Creighton University involves the quantitation of the rates 
of metabolism of H*^-benzo(a)pyrene from an organic-soluble to water- 
soluble forms by mitogen-activated human lymphocytes. The fluor©metric 
assay will be based on the results of the experiments outlined in the 
previous sections. The exact same culture conditions, including medium, 
PCS, mitogens, and inducers, will be used in both laboratories. 




*".V '* *- * 


From January 1, 1976 to December 31, 1976 

* » / . . 

1* k Updating assay procedures 


* - • 

-» 

* X 


‘ ’* , Work will continue on evaluating alterations or ./ 

"^" ditions to any facet of the assay procedure which may allow for a more ! v 

. K?* reproducible, more rapid, or more efficient assay of AHH activity. This f- O 

.v’v*. -{ .“ will include evaluating a) use of ethoxyresorufin as an alternate substrate „• 

\ " S*. ^ or AHH activity (see progress report); b) use of alternate assay proce- • V>\£ 

* dures, such as quantitation of levels of cytochromes in human lymphocytes; i*W - 

"X * c) use of combination of inducers, such as those that specifically alter .'SV/ 5 * 

. t *> -.'^constitutive, or P-450 mediated, enzyme activity (e.g. tryptamine, 


mm 
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specifically alter "induced," or P-448 mediated, enzymes (e.g. MCA, 
5, 6-benzoflavone, diphenyloxazole, 5-bromobenzanthracene, etc.), 
and d) new culture conditions, such as novel purified mitogens, chemi¬ 
cally-defined medium, and conditions allowing for preferential activa¬ 
tions of specific subpopulations of human lymphocytes. 

2. Participation in blind protocol 


'V** 4 .*** ^ 


> *,^’.**V 


v. ’ In collaboration with another laboratory (e.g., 
Creighton University of USC Medical Center, Los Angeles, Calif.), 
samples of diluted whole blood (or isolated lympiiocytes) will be shipped 
under code to our laboratory and assayed for AHH activity. Samples will 
be sent every week for a total of four weeks. These samples will include 
not only multiple samples from the same individual on the same day, but 
also samples from the same individual on different days. The code will 
then be broken and results assessed* At the discretion of the Project 
Officer, the blind assay will either be repeated or studies into the 
determination of enzyme levels in cancer patients initiated. 


•* 


Determination of enzyme activity in cancer ft . 
patients 


^ Studies on mitogen-activation of 

- */* 1 lymphocytes from cancer patients 

• 1 ^ v*' 11 * 

. 1 ' ft „„ *r* * • * « *■ ' *• 

’ _ v . •’ \\ . Preliminary studies will center on the : v % b‘-; v - 

problem of mitogen-activating lymphocytes from cancer patients. It is . 
a well-known fact that lymphocytes from cancer patients respond very ^ 

poorly to mitogens.It is felt that with just minor modifications of the . v 
culture conditions that resulted in optimal growth of lymphocytes from ' \V‘*r 

non-cancer patients, that some activation of lymphocytes from cancer . *• s 
patients will be observed. A blind assay, utilizing only cancer patients, * 'Vi*?; 

may be required. The ability of such a blind protocol will be evaluated .. 7* 
at that time. . ' \ 




Relationship of levels of AHH activity 
to cancer susceptibility 


- t Vvj V » %” y* 

, 7 V"*»'I;'7* These proposed procedures are very .. 
similar to those originally proposed for .this contract, but because of . ; 
assay difficulties, could not be completed. The population of Menck 
et al is a good example of the population that will be used because it 
appears to fulfill the criteria of accessibility as well as availability of 
adequate numbers of patients. The intial study will be concentrated on 
the lung cancer population. Fifty to 100 lung cancer patients, 50 to 100 


7 ,. 
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Assays will be done at MA at a rate of 28 to 50 per week. This study 
will also entail a limited questionnaire involvement: including history 
of cigarette smoking, drug exposure, occupation, etc* Medical 
verification of the pathological lesion will also be done* 





• * . 





, • { “ 







The suggested approach will concen¬ 
trate on the importance of cancer association and AHH levels. A 
matched population would seem to be the best obtainable control at 
this level. The requirement for detailed' questionnaire and multi¬ 
variant analysis of same must be incorporated to observe correlates 
and associations. Smoking habits, while normally considered a 
tertiary study variable, are included in this secondary study, since 
this variable has particular interest to the granting agency. The. 
procedure for this secondary study will include one hundred' patients 
for each of seven cancer types (total 700) and 700 to 800 controls * t V 
matched for age, sex, ethnic group and smoking habits. The routine 
fluorometric assay discussed before will be used. However, con¬ 
current preparations for automated analysis will be included in 
preparation for the tertiary level studies. The questionnaire for 
this study will be detailed and organized for computerization. This 
in-depth level of inquiry would give operational experience and 
possible leads for specific in-depth tertiary studies. This detailed 
questionnaire is compatible with the 1,500 patients projected. Areas 
to be emphasized in this secondary level include: (1) normal medical 
history; (2) detailed employment history - with master breakdown code 
of probable PAH, etc. exposure; (3) detailed drug history, weighted 
for those drugs involved in AHH; (4) detailed smoking history; (5) 
detailed alcoholic consumption history; (6) other variables to be defined 
possible psychological evaluations. 

t * ’ 4 k \ 

' • '* The questionnaire validity will be 

important. Analysis should be undertaken for possible correlations 
as the data accumulates. These correlations can be used to predict',''*'^ 
direct, and avoid unnecessary duplication in the following studies. . . 
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IV. PERSONNEL. 


Dr. R. E. Kouri (Principal Investigator) (10%) 
(see original proposal) 





Dr* Richard L#„ Imblum (Assistant Project Director) 

(40%) * , 


* * Dr* Imblum received his Ph* D. degree in biochemistry 

from Purdue University, His doctoral research involved studies on a 
microsomal enzyme, HMG-CoA reductase, in rat liver and Neurospora 
erassa . He was a postdoctoral fellow of the American Cancer Society 
■j ^ University of Virginia where his studies concerned the biochemical 
processes involved in the replication of vesicular stomatitis virus. 

.•* • Imblum has had extensive experience in culturing 

y mammalian cells, general enzymology, and mammalian molecular 
^ macromolecules including phenol extraction, column chromatography, 
rate zonal and equilibrium density, ultracentrifugation, polyacrylamide 
gel electrophoresis of protein and nucleic acids, thin-layer chromato¬ 
graphy, paper electrophoresis, and autoradiography. 


A copy of Dr. Imblum* s curriculum vitae is attached. 
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Soc. Sec. No. 521-42-5682 


CURRICULUM VITAE - RICHARD L. IMBLUM 


“"it 


BIRTH: 


EDUCATION: 


REDACTED 

1972^ . Ph. D., Biochemistry 

; “* , * Purdue University 

.Lafayette, Indiana .. • 

1966 , M. S., * Biochemistry , j* 

* • ... The George Washington University 

^l ***’. ' Washington, D. C. . . > 

1962 B. A*, Chemistry - —. c. . 

J \f; , University of Colorado, Boulder 


* .* > **T 


PROFESSIONAL 

AFFILIATIONS: 


American Society for Microbiology* *’ 

American Association for the Advancement of Science 


PRESENT 

POSITION: 


, 1975 - present 


REDACTED 


POSITION 

DESCRIPTION: 


’ '• »v* * 7 ** * * 

t »* i * .* ”, 

prior 


EXPERIENCE: 
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Contract with the National Cancer Institute, Standardization 
of Aryl Hydrocarbon Hydroxylase Assay, as a Screening 
Method to Determine Smoking Hazards in Man; Contract 
with The Council for Tobacco Research, The Role of Aryl ’/• 
Hydrocarbon Hydroxylase in Human Cancers. . .. tr »- c* 

‘ '• Zr*[' 


1972 - 1975 


REDACTED 




REDACTED 


►.* * * *. . . 
f •k'k*. <fH ft * 
J. . VUi , ■ 
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M • 
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PUBLICATIONS - RICHARD L. IMBLUM 


Imblum, R. L. , Prosky*, L. , Libby, D. A., O’Dell, R. G., and 

Roberts, B., Jr. Effects of 2-Deoxy-D-glucose on Nucleic Acids 
of Rat Liver. Federation Proc. , 26; 798, 1967. 
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Prosky, L. , Roberts, B., Jr., O’Dell, R. G., and Imblum, R. L. 

Differential Effects of Actinomycin D on Nucleic Acid and Protein 
'' Synthesis in Rat Liver. Arch. Biochem. Biophys., 126; 393-398, 
1968. ' . % 

Shapiro, D. J*, Imblum, R. L., and Rodwell, V. W. Thin-layer 

Chromatographic Assay for HMG-CoA Reductase and Mevalonic Acid* 
Anal. Biochem., 31; 383-390, 1969* •* \* ''v/\'V 

Shapiro, D. J., Imblum, R. L., McNamara, D. J., and Rodwell, V. W. 
A TLC Assay for HMG-CoA Reductase. Properties of the Rat Liver 
, Microsomal Enzyme. Eastern Analytical Symposium, American 
Chemical Society, New York, p. 30, 1969* (Abstract) 
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Imblum, R. L. , and Rodwell, V. W. 3-Hydroxy-3-methylglutaryl-CoA 

* * Reductase and Mevalonic Kinase of Neurospora crossa, J. Lipid 
Res., 15: 211-222, 1974. . 
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Imblum, R. L. , and Wagner, R. R. Protein Kinase and Phosphoproteins 
of Vesicular Stomatitis Virus. J. Virol., 1 3 ; 113-124, 1974. 


Wagner, R. R., Emerson, S. U. , Imblum, R. L. , and Kelley, J. M. 

‘Yf* Structure-Function Relationships of the Proteins of Vesicular Stomatitis 
V* Virus, in ‘'Negative Strand Viruses.” 


•- ! .v., 


Ed.), Academic Press, London, 1974. 


r ., 

(R.D. Barry and B.W.J. Mahy, 




Imblum, R. L. , and Wagner, R. R. Inhibition of Viral Transcriptase by 
Immunoglobulin Directed: Against the Nucleocapsid NS Protein of • »:; , N 
, Vesicular Stomatitis Virus. J. Virol., 15 ; 1357-1366, 1975. 
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V. BUDGET 

A. Total Direct Labor (See Schedule A) 

B. Overhead (115% of A) 

C. Other Direct Costs (See Schedule B) 

D* Travel ($500/professional plus one trip 

Los Angeles - Washington, D.C*) 

V * * J,V ^.T^. * ;'• * *. ' 

E # Total (A - D) t' 1 ' 

♦ f1 4 ' 1 ’ 1 1 # 1 1 * ♦*' t * ¥ +‘j * » ? k *+ *«* — k » ,, 

F. G & A (16% of E) . 

G. Total Costs .. 3 .' 

' . , >» ■.' .’• 

H. * ’ Fixed Fee (10%) 

I. Total Cost Before Equipment 

' *» J «. . \ 

J. Equipment (See Schedule C) 


$ 27,138 
31,209 
15,700 

1, 500 
75,547 
12,088 
87, 635 
9,737 
97,372 
9> 700 


r- : I . 
^ V * 
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SCHEDULE A - TOTAL DIRECT LABOR 


Name 


R. E. Kouri, Ph. D. 


Function 

Project 

Director 


Time on Total $ 

Project Hours * Hour £ 

10 % 193 REDACTED 


ftp-'• 




R* Imblum 


C. McKinney 


R* Sosnowski 


Assistant 

Project 

Director 

Senior 

Technician 

Technician 


100 % 1,926 


100 % 1,926 


REDACTED 


REDACTED 


REDACTED 


Total Hours 


4, 815 


Total Direct Labor 


25,602 


■ f>* >**■ 

■ '■ ' 

jCv^/w- 

r> 

7' i x ? . T 

A M. 
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+ 6% Raise 

TOTAL DIRECT LABOR 


h 536 

^ * 1 •> 

$27,138 

. . .♦ i * 
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SCHEDULE B - OTHER DIRECT COSTS 




Mate rials: 

Media 

Blood samples 
Chemicals 


$3,000 

500 

5, 500 • $9,000 





Glassware (production 
<v and reuseable) , 
Disposable glassware 


2,700 
4, 000 


TOTAL OTHER DIRECT COSTS 


6, 700 


$15, 700 
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SCHEDULE C - EQUIPMENT 
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Scintillation Counter, LS 100, 3 Channel 
60 Hz. 


Source: Beckman Instruments, Inc. 

c * \ ' 

. - Plus 2% Sales Tax. 

. TOTAL EQUIPMENT 

f f* r tr \ * . * 

Amount per Budget 


$9,500 

190 
$9,690 
$9,700 
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